This study examined the productivity determinants of potato in Nigeria. The data for this study were extracted from secondary sources for a period of 
INTRODUCTION
There are many reasons for encouraging more production of potato as a means of livelihoods among African smallholder farmers. Potato as a staple crop that addresses food security and a horticultural crop for its high value per unit area of land. Potato has a short cropping cycle of three to four months and suits the dual cropping seasons in Nigeria, particularly in rain-fed systems. Harvestable potato tubers are available 60-100 days after the rainy season began-a major advantage potato has over grains, which require six to nine months to mature (FAO,more calories per unit of water than most crops (Nteranya, 2015) . Potato has the potential yield of more than 51,000 calories/ha per day within a 3 -4 months growing season, it caloric and energy yield is the highest among most staple food crops, almost twice that of wheat and rice. Potato is an affordable and nutritionally rich staple food for the timing Nigerian population, contributing significantly to the protein, vitamin C, zinc, and iron needs of the peoples diet (FAO, 2005) . There is always the paramount need to ensure the productivity of potato is on the increase. Productivity (agricultural): is a measure determined by the ratio of the amount of agricultural output produced for a given amount of inputs. Productivity can be measured using the marginal physical product (MPP) technique in which case, the main purpose is the summation of total product (TP) which is a response of a unit increase in the use an input i.e., total factor productivity (TFP) growth, are measured with the frontier and non-frontier methods. Productivity can be measured and ascertained at farm level efficiency and the ratio of inputs and outputs at a macro level (Udoh and Falake, 2006) . Productivity is generally determined in terms of the efficient utilization of factor inputs, such as land, labour, fertilizer, herbicides, tools, seeds and equipment etc yield a certain quantity of output (Umoh and Yusuf, 1999) . Low productivity of potato is a great issue of concern, despite all human and material resources deployed in the production of potato, the level of productivity still fall under 50% considering the nutritional and economic importance of the crop (FDA, 1995 and Bamidele, Babatunde & Rasheed, 2008) . The production practices of the predominant small-scale rural potato farmers are similar to their output such as subsistent level of production, small farm size due to tenure system, poor access to credit facilities and other production inputs.
Increasing the productivity of potato farming would require either increased input use especially land expansion, credit facilities, availability of farm machines, irrigation facilities etc. Irrigation facilities in Nigeria are very poor and this is a major challenge to the production of root and tuber crops. Root and tuber crops farming are left to suffer at the mercy of climate which is fast changing and unreliable (Enete, 2014) . Nigerian agricultural activities largely depend on nature for irrigation and sunlight, with the long periods of drought resulting in the increasing temperature is a major setback to the farmers' ability to produce commercial quantities to meet international demands. Owing to the importance of potato as a source of food and income it is very imperative to ascertain the level of productivity of potato as well as its determinants. Onyenweaku, Nwachukwu and Opara (2010) applied the Total Factor Productivity (TFP) in determining the level of food crop production. Shahabinejab and Akbril (2010) and Brady and Soghen (2008) applied the TFP in measuring the agricultural productivity growth respectively. Ajetomobi (2010) and Adedeji, Jayesola and Owolabi (2016) used the malmquist approach to TFP in estimating agricultural productivity considering inputs such as land, labour, capital, fertilizer etc. Eboh, Oduh and Ujah (2012) applied TFP based on 'solow residual' in estimating the productivity of agricultural products. This study adopted the malmquist approach to TFP because of its dynamic nature of considering inputs and output.
ANALYTICAL REVIEW
Macroeconomic variables are products of monetary, fiscal and financial policies when implemented, such variables are exchange rate, interest rate, tax rate, tariff and gross domestic product. Macroeconomic variables have serious economic and developmental implications for agricultural productivity and simulation of exports. There are so many literature to support the impact of macroeconomic variables on the productivity of agriculture. Coa and Birchenall (2013) found that agricultural productivity contributes immensely to the total factor productivity (TFP) of the non agricultural sector as the agricultural sector productivity triggers employment and reallocation of output. Memon et al; revealed the existence of long-run relationship between agricultural output and exports. Ali et al; examined the relationship between some macroeconomic variables and agricultural income in Malaysia, adopting the Johansen co-integration approach with some key macroeconomic variables having both positive and negative impacts. In Nigeria, Garba (2000) and Akpokodje (2000) confirmed that major macroeconomic variables changes result in agricultural policy instability. Awokuse (2005) found that the changes in monetary supplies have a relatively low impact on agricultural produce price. Oluwatayese et al; (2016) adopted the vector error correction model to analyze the macroeconomic factors and the agricultural sector in Nigeria, the study revealed the existence of a long-run relationship between the variables. While Shariff (2015) adopted the autoregressive distributed lag approach to determine the existence of a long-run relationship between macroeconomic variables and the agricultural productivity in Malaysia. Climate variables are factors that determine the climate of a region, usually measured for a period of thirty years or more. The major variables include rainfall/ precipitation and temperature/ the sunshine. Though there are limited recent literature on the impacts of climate variables on the agricultural productivity, some related ones were reviewed. In determining climate effects on US total agricultural productivity, Liang et al; (2017) adopted the TFP in measuring productivity while examining its relationship with temperature and precipitation. Ayinde et al; adopted the Johansen co-integration technique in estimating the effects of climate variables on agricultural productivity, the study revealed that rainfall and temperature exerted positive and negative effects on agriculture respectively. Chukwunonso (2015) adopted the error correction model in estimating the impact of temperature and rainfall on crop yield, forestry production, livestock production and fish production in Nigeria. Nwachukwu et al; in estimating climate change effects on cocoa productivity in Nigeria considered rainfall and temperature which were significantly affecting productivity. Mbanasor et al; and Nwajiuba & Onyeneke (2010) in estimating the impact of climate change on the productivity and yield of some crops in Nigeria revealed that temperature and precipitation were significant factors affecting their productivity using the log quadratic regression approach and ordinary least square regression approach respectively. Onwumere and Ichie (2012) and Howard et al; (2016) revealed that rainfall is a significant factor influencing cassava and wheat production respectively using error correction approach. This study considered some key macroeconomic variables such as output, arable land, mechanization level, price, labour, fertilizer usage and capital. The major climate factors considered are rainfall and temperature. The autoregressive distributed lag model was adopted for this study.
METHODOLOGY
The study was carried out in Nigeria. Nigeria is a country located in West Africa along the Atlantic Ocean's Gulf of Guinea, its land borders are with Benin to the West Cameroon and Chad to the East and Niger to the North. It is between latitudes 40N and 140N and longitudes 30E and 150E Meridian. Nigeria's equatorial position gives its tropical climate but this does not mean a single environment. It has a tropical climate with relatively high temperatures throughout the year annual average temperature varying from 350c in the North to 310C in the south. Temperature is highest from February to April in the South and from March to June in the North and lowest in July and August over most of the country.
In fact, Nigeria is a country of diverse climates, landscapes, wildlife, cultures, and traditions. It is the most populous nation in Africa and has one of the fastest growing population in the world. The population of Nigeria is estimated at 158,000,000 people and growing at 2.45%, according to the 2010 CIA world factbook. And by this, Nigeria was ranked number 8 world's most populous nations in 2010. Currently, the population of Nigeria is being put at 167,000,000 people. It is being estimated that Nigeria will be ranked 4th by 2050 as the world most populous nations.
Nigeria has a land area of about 923,769km2 (FOS, 1989) , a north-south length of about 1450km and west-east breath of about 800km. its total land boundary is 4047km while the coastline is 853km. The 1993 estimate of irrigated land by the federal ministry of environment of Nigeria was 9570 km2 and arable land is 35%, 15% pasture; 10% forest reserve; 10% for settlement and the remaining 30% considered uncultivable. (Boomie, 1998; Cleaver and Shreiber, 1994) . Nigeria water bodies consist of an area of about 13,000 sq. km while the remaining land is about 910,769sq km.
Nigeria enjoys the humid tropical climate with two clear identifiable seasons, the wet and dry seasons. The climate condition varies among regions: equatorial in the south, tropical in the center and arid in the north. It is a country of marked ecological diversity and climatic contrast. Nigeria has a population of over 173.6 million people (NBS, 2013) , with diverse biophysical characteristics, ethnic nationalities (more than 250), agro-ecological zones and socio-economic conditions. Farming is the predominant occupation of the people; about half of the working population is engaged in agriculture, the majority of who are smallholder farmers. Cassava, yam, sorghum, maize, millet, and rice are among the major food and cereal crops in Nigeria. The country has been warned against food scarcity and famine in 2017 (FAO, 2017).
Data source and collection procedure
This study adopted principally secondary data obtained from the Central Bank of Nigeria statistical bulletin, National Bureau of Statistics (NBS), Food and Agriculture Organization database, World Bank Statistical Bulletin, statistical reports and other sources for a period of 1961-2016.
Method of data analysis
Unit Root Test using the ADF test and Philip-Perron technique to test if the time series data is stationary, the tests will be done one by one for confirmation of the presence of constant means. Malmquist productivity index and Autoregressive Distributed Lag (ARDL) model was adopted.
Model Specification

Unit Root Test: Augmented Dickey-Fuller (ADF) Test (for stationary test)
The ADF test consist of estimating the following regression
It is a one-sided test whose null hypothesis is δ=0 versus δ<o (hence large negative values of the test statistics lead to the rejection of the null) and Δ is the difference operator. Under the null, Yt must be differenced to achieve stationarity; under the alternative, Yt is already stationary and no differencing is required. The hypothesis to be tested:
Autoregressive distributed lag (ARDL) framework by Pesaran and Shin (1995, 1999) , Pesaran et al. (1996) and Pesaran (1997) to establish the direction of causation between variables. This approach is used when dealing with large set of variables which their level of integration may be purely I(0), purely I(1) or mixture of both, which means that the test on the existence relationship between variables in levels is applicable irrespective of whether the underlying regressors are purely I(0), purely I(1) or mixture of both (Duasa, 2006) .
Basically, the ARDL approach to cointegration (Pesaran et al., 2001 ) involves estimating the conditional error correction (EC) version of the ARDL model.
The F test will be used for testing the existence of the long-run relationship. When a long-run relationship exists, F-test indicates which variable should be normalized. The null hypothesis for no cointegration among variables in equation (1) is H0: δ1 = δ2 = δ3 = δ4 =...= δn =0 against the alternative hypothesis H1: δ1 ≠ δ2 ≠ δ3 ≠ δ4 ≠...≠ δn ≠ 0. The F-test has a nonstandard distribution which depends on (i) whether variables included in the model are I(0) or I(1), (ii) the number of regressors, and (iii) whether the model contains an intercept and/or a trend. The test will involve asymptotic critical value bounds, depending on whether the variables are I(0) or I(1) or a mixture of both. Two sets of critical values are generated which one set refers to the I(1) series and the other for the I (0) If there is evidence of long-run relationship (cointegration) of the variables, the following long-run model is estimated:
The orders of the lags in the ARDL model are selected by either the Akaike Information criterion (AIC) or the Schwarz Bayesian criterion (SBC) before the selected model is estimated by ordinary least squares. For annual data, Pesaran and Shin (1999) recommended choosing a maximum of 2 lags. From this, the lag length that minimizes SBC is selected.
The ARDL specification of the short-run dynamics can be derived by constructing an error correction model (ECM) of the following form:
Where Ms = Potato productivity index (ratio of inputs/output), EX= exchange rate naira to US dollars, IN= interest rate in percentage, TR= tariff rate in percentage, GDP= Gross Domestic Product in Naira, g= agricultural labour (number), c=capital to agriculture (Naira), z= land for agriculture (km), e=machines and tractor (number), n= fertilizer and chemicals (kilograms per hectare of arable land), R= Annual mean Precipitation (mm), J= Annual mean temperature (°c), , Δ= Difference operator, Y= dependent variables, x= independent variables, t= time,  = summation sign, ECM = Error correction term, u, t  = error term are independent identically distributed,  ,  ,  ,  ,  = the coefficients, P= lag operator and r = percentage growth in total world exports from period
RESULTS and DISCUSSION
Unit root test of the variables
Prior to using the time series data for analysis, the variables were subjected to a stationary test using Augmented Dickey -Fuller test (ADF) and Philips-Peron test for confirmation and to ascertain the order of integration of the variables. The unit root test attempts to determine whether a given time series data is consistent with a unit root process. The presence of unit roots could lead to false inferences in regression between time series. From the results of the unit root tests presented in Table 1 , most of the variables were stationary at first difference. Variable such as exchange rate, labour, cassava export, ginger import, root and tuber crops import, lead time to export, average time to clear exports, lead time to import, inflation rate, real interest rate, Gross domestic product, temperature, and tariff were stationary at level.
The coefficients compared with the critical values revealed that all the variables were stationary at the level, and first difference and on the basis of this; the null hypothesis of non- stationary were rejected and safe to conclude that the variables are stationary. This implied that the variables are integrated. If two or more series are individually integrated (in the time series sense), the individual series are first-order integrated (I(1)) but some (cointegrating) vector of coefficients exists to form a stationary linear combination of them. The series may drift apart in the short-run, then follow a common trend which permits a stable long-run relationship between them.
Since all the variables are not integrated in the same order, there is a need for a co-integration test. This implies that some linear combinations of the series must be co-integrated, such that even though the individual series may be integrated in the order I(0) and I (1) the series may drift apart in the short-run, and then follow a common trend which permits stable long-run relationship between them. 
Long Run and Short-Run Macroeconomic and Climatic Determinants Potato Productivity
The long run and short run determinants macroeconomic and climate determinants of potato productivity, having conducted the unit root test autocorrelation tests using Breush-Godfrey serial correlation test.
Long run macroeconomic and climatic determinants potato productivity
With the value of the F-statistics was found to be statistically insignificant which implies that we accept the null hypothesis of no serial correlation in the long run determinants of potato productivity model estimated as presented in Table 2 . Potato productivity of the previous seasons was significant at 10% for the 2nd lag and positively influenced the productivity of potato in the long run. This implies that the ginger productivity recorded previously affected the productivity positively i.e. the increase recorded in the previous years have a positive long-run impact on the productivity. The increase in the productivity is recorded gradually as an increase in technology and other inputs currently may lead to further increase in production. But in a situation of low productivity recorded in the previous years with 3rd and 4th been statistically significant at 5% and 10% respectively, to ensure enhanced productivity.
Land available for the potato farming was found to be significant at the 3rd and 4th lag periods and were significnat at 10% respectively. Capital accessibility and usage for the production of potato can have positive and negative long-run impact on the productivity of potato as can be seen from Table 3 were different lagged variables of land had positive and negative impacts. For the long run productivity of potato, there should increase access and better usage of capital to ensure enhanced productivity.
Fertilizer application for the production of potato can have positive and negative long-run impact on the productivity of potato as can be seen from Table 3 were different lagged variables of land had positive and negative impacts. It, therefore, means that the influence of fertilizer application can either be negative or positive depending on the application procedures.
Good price of the potato can have positive and negative long-run impact on the productivity of potato. The long run coefficient of potato price in the 1st lag was significant at 1% and positive, 2nd was significant at 5% and negative while in the 3rd lag it was statistically significant at 1% and positive. This result means that the pricing of potato can have long run negative and positive effect. Price instability is a structural characteristics of the potato market as noted by Soule (2013) resulting in both positive and negative shocks to productivity. Figure 1 presents estimate the CUSUM stability test in autoregressive distributed lags method (ARDL) for the long run determinants of potato productivity to show the stability of the model. Our variables, data are stable because the cumulative sum of recursive residuals CUSUM graph is within the limits of 5% significance level. 
Short run macroeconomic and climatic determinants of potato productivity
With the value of the F-statistics was found to be statistically insignificant which implies that we accept the null hypothesis of no serial correlation in the short run determinants of potato productivity model estimated as presented in Table 4 . From Table 5 the Akaike Info Criterion(AIC) and the Schwarz criterion values of -11.689 and -10.250 which was minimal resulting in the selection of 4 lag lengths. The Durbin-Watson value of 1.799 confirms that the model is free from auto-correlation. The calculated Fstatistics (F-statistic = 4.653) , showing that the model is statistically significant. The result indicates that the long run overall model is well fitted as the independent variable explained over 93.0% (R2) movement in the dependent variable. The speed of adjustment from the short term to the long term (ECM) was statistically significant at 10% and suggests a low speed of adjustment from short term to long term.
Potato productivity of the previous seasons was significant at 1% for the 4th lag and positively influenced the productivity of potato in the short run. This implies that the ginger productivity recorded previously affected the productivity positively i.e. the increase recorded in the previous years have a positive short-run impact on the productivity. The increase in the productivity is recorded gradually as an increase in technology and other inputs currently may lead to further increase in production. But in a situation of low productivity recorded in the previous years with 3rd been statistically significant at 1% and negative, potato productivity decreases in the long run with the decrease in the previous year's productivity.
Land usage as a major factor of production was statistically significant at 1% and positively influenced the short run productivity of potato this implies that availability and good management of land results to the increase in the productivity of potato in the short run.
Capital available for agricultural activities for the previous years had both short-run negative and positive impact on the potato productivity. In the initial and previous years capital was statistically significant at 1% for 1st, 2nd , and 3rd lag respectively and negatively influenced the short run productivity of potato. While for the 4th lag of the capital was statistically significant at 1% and positively influenced potato productivity. This result implies that funding is technical issue that needs to be transparently managed to boost productivity (Soule, 2013) Mechanization had a short run positive impact on the short run productivity of potato with 5% statistical significance. This implies that the availability of machines for ridging and other farming processes may result in the short run increase in the productivity of potato.
Fertilizer applications was statistically significant at the 2nd and 4th lags at 10% and 5% respectively and negatively influence production. This result implies that at the short run the fertilizer applied did not result in the increase in the level of potato productivity in Nigeria. Fertilizer suppliers do not always honour delivery terms and product quality is sometimes questionable and this results to decreased production (Soule, 2013).
The price of potato in the short run was statistically significant at 5% and 10% for different lags. This implies that the price of potato in the short-run has resulted in the increase in the productivity of potato. While labour was statistically significant at 10% and positively influenced the productivity of potato at short run. Figure 2 presents estimate the CUSUM stability test in autoregressive distributed lags method (ARDL) for the short run determinants of potato productivity to show the stability of the model. Our variables, data are stable because the cumulative sum of recursive residuals CUSUM graph is within the limits of 5% significance level.
